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INTRODUCTION 

This review of the practice of waste injection into Devonian-aqe 
geological formations in Southwestern Ontario was conducted at the 
request of the Ministry of the Environment. Part of the Ministry's 
statutory function is to develop adequate controls to guide the siting, 
construction, and operation of disposal wells so that natural resources 
such as soil and water are protected. Industries that have used dis- 
posal wells in southwestern Ontario include the oil and gas production 
industry, the chemical manufacturing industry, and operators of under- 
ground storage caverns. Due to the relatively shallow depth of the dis- 
posal strata, and the occurrence of several events where the rock media 
failed to contain the wastes when high wellhead pressures were applied, 
there was a need to review the current status of the problem and to sum- 
marize and evaluate the risks associated with .continued use of this dis- 
posal zone. The subject disposal intervals are part of the Devonian 
Detroit River Group. Underground Resource Management, Inc. (URM), in 
association with Gartner Lee Associates, Limited (6LA) was retained to 
provide this review document. 

Subsurface injection in Ontario is regulated by both the Ministry 
of the Environment (MOE) and the Ministry of Natural Resources (MNR). 
MOE is primarily responsible for wells that dispose of industrial waste 
and the brine created when caverns are made by dissolution of bedded 
salt. MNR is primarily responsible for wells that inject oil field 
brines and fluids used for secondary recovery of hydrocarbons. Over the 
years, regulatory guidelines adopted by these agencies and their pre- 
decessors have evolved as problems have occurred and as new knowledge 
about the properties of the geologic system has been acquired. Regula- 
tions have been instituted by MOE to control the type of fluid, loca- 
tion, construction methods, and operating pressures of disposal wells 
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completed into the Detroit River Group. Use of this stratiqraphic 
interval is now limited to the disposal of brines, althouqh industrial 
process wastes would be permitted by MOE to be injected into deeper 
formations. Operating wellhead pressures of MOE-requlated wells are now 
limited to atmospheric pressure, or zero gauge pressure, which is also 
termed gravity drive. Static or shut-in water levels are required by 
MOE to be measured monthly and must be 10 feet (3 m) below the lowest 
occurrence of fresh water. Mo disposal into the Detroit River Group is 
permitted within five miles (8,050 km) of the St, Clair River. The 
government has encouraged investigations to Identify deeper Injection 
horizons where it is possible that higher oressures could be safely 
applied. This review document Includes an assessment of the adequacy of 
present rules based on a review of the available geologic and hydroloqic 
data. 

The information that exists today includes data accumulated through 
regulatory reporting requirements, published literature on the geology, 
natural resources, and injection wells in southwestern Ontario, and the 
personal experience of many Individuals both in government and in indus- 
try. Some existing information, primarily written records and personal 
experience of private industry, is not readily available. We have noted 
deficiencies in our knowledge throughout this report. In the course of 
this study, we have relied heavily for historical perspective on orevi- 
ous reports and memoranda written by personnel of MOE and MNR, and their 
predecessor agencies. Visits were made by URM staff to oil wells, 
disDosal facilities, and an outcrop of the Detroit River Group. 
Previously unoublished well -test data were obtained and analyzed. This 
document is intended to be a guide to the available data, a summary of 
historical events, and a review of present knowledge. The behavior of 
underground fluids in the vicinity of wells has been reviewed in the 
context of the Devonian carbonate formations in southwestern Ontario. 
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Principles derived from the growing number of studies of other regional 
flow systems have been reviewed in the context of the geology and 
geography of the Great Lakes Region, and potential discharge areas have 
been listed. 

This report is not an exhaustive, detailed study of all of the 
factors involved in this multifaceted problem. Further research may be 
required to answer specific questions and to determine appropriate MOE 
response to some of the presently perceived regulatory needs and obliga- 
tions. As noted in the Conclusions, continued use of this disposal 
interval may require detailed consideration of individual sites. This 
review provides a summary of past and present operational details and 
regulatory efforts. The description of physical phenomena should help 
provide guidelines for answering questions about the adequacy of present 
regulatory requirements. We have made suggestions for possible amend- 
ments to present rules and procedures. 
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CHAPTER SIX - REGULATION OF SUBSURFACE DISPOSAL 

6.1 Purpose 

Government regulation of waste disposal is designed to prevenr 
trespass of potentially harmful materials belonging to one individual or 
organization onto the property or resources of another. In the case of 
subsurface waste disposal, the general invisibility of potentially 
damaging processes requires that extraordinary care be used to ensure 
that proposed operations have a sound technical basis. Although alter- 
nate means of disposal exist for the wastes that are potentially inject- 
able, placement of the wastes underground can have economic and environ- 
mental benefits if the risks associated with this method can be reduced 
to levels equal to or less than those of the alternatives. 

During the last twenty years, the government agencies responsible 
for managing the risks associated with waste disposal in Ontario have 
developed regulations to accomplish the protective functions required by 
statute. These rules specify basic procedures and performance stand- 
ards, and so are general enough to cover different physical situations. 
The agencies that presently share authority for regulation of subsurface 
disposal are the Ministry of the Environment (MOE) and the Ministry of 
Natural Resources (MNR). The responsibilities of these agencies are 
described in the next section. The rules of the two agencies are not 
wholly consistent and correction of this situation should be considered. 
It has been concluded in this report that, under proper operating condi- 
tions, brine can be safely injected into the Detroit River Group. It is 
apparent, however, that present operating rules may involve some small 
risk that brine could flow upward into freshwater aquifers in some 
areas. The purpose of this chaper is to describe the regulatory frame- 
work in Ontario, to attempt to put the risks in perspective, and to 
suggest for consideration of MOE additional rules or modifications of 
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procedures that could help achieve the goals of M(E, 

6.2 Regulatory Authority 

Subsurface disposal of wastes in southwestern Ontario is regulated 
jointly by MOE and MNR. These agencies generally have assumed the 
responsibilities of their predecessor agencies, the Ontario Water 
Resources Commission, and the Ontario Department of Mines and Northern 
Affairs, respectively. 

The MNR draws its authority from Bill 117, 4th Session, 28th Legis- 
lature, Ontario 20 Elizabeth II, 1971 entitled "An Act to Regulate the 
Exploration and Drilling for, and the Production and Storage of Oil and 
Gas". Also cited as "The Petroleum Resources Act, 1971", The MNR's 
primary responsibility and goal is to prevent waste of resources. To 
this end, the MNR has developed rules and regulations concerning the 
drilling, completion, location, and plugging of all types of wells 
except water supply wells. These rules are presently set out in Reg. 
752 of Revised Regulations of Ontario, 1980 made under the Petroleum 
Resources Act. Section 37.1 of Reg. 752 states: "No person shall dis- 
pose of mineral water in an underground formation without the approval 
of the Minister." Mineral water is not defined in either the act or the 
regulation but is apparently interpreted to include industrial waste. 

The MOE draws its authority from the Environmental Protection Act, 
Revised Statutes of Ontario, 1980, Chapter 141 as amended by R.S.O., 
1981, Chapter 49, and the Ontario Water Resources Act, R.S.O. 1980 
Chapter 361, amended in 1981. The MOE's primary goal and purpose is to 
provide for the protection and conservation of the natural environment. 
This is accomplished in part by regulating the activities of man as they 
relate to waste disposal. 
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6.3 Present Areas of Responsibility 

?Jo formal agreement exists between the MOE and MNR, however, some 
working relationships have developed. Available data suggest that the 
limited number of disposal wells in the region has limited the interac- 
tion between the two agencies. However, it is possible that an increas- 
ing number of applications for injection well permits will be received, 
and it many become desirable to formalize the working relationship 
between the ministries. The diagram shown in Figure 19 shows the gen- 
eral participation of each agency in the permitting process for the sev- 
eral different types of injection well permits. The types of wells that 
are covered by dual regulations are: 

1. Industrial waste disposal wells, 

2. Disposal wells for brines produced with oil and gas, 

3. Disposal wells for brines resulting from creation of storage 
caverns in salt, ("ballast" brines used for displacement of 
product from caverns is considered to be industrial waste), 

4. Wells used for pressure maintenance of petroleum reservoirs. 
(Secondary recovery wells). No "waste" disposal is involved. 

The following types of wells are regulated exclusively by MNR: Oil 
and gas wells, solution-mining wells, and storage cavern wells. 

Water wells are regulated exclusively by MOE. 

In the case of industrial waste disposal wells (Figure 19), the M^1R 
is generally responsible for permitting the well to be drilled, while 
MOE is responsible for reviewing geologic data, engineering plans for 
surface facilities and operational controls before issuing a Certificate 
of Approval to use the well as a disposal facility. Note that disposal 
of industrial wastes to the Detroit River Group is prohibited. The 
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Figure 19. Diagram Showing Areas of Responsibitly of MOE and MNR in Permit Approval Process. 

Four Types of Wells are Shown. 






Minister of the Environment may request a public hearing, which may be 
held by the Environmental Assessment Board. The procedure for wells 
that dispose of brine produced by the creation of storage caverns in 
salt is the same as for industrial waste wells, but there is no pronici- 
tation against the use of the Detroit River Group. In the case of wells 
used to dispose of oilfield brines or secondary recovery wells, tne 
function of the MOE is limited to a review of the permit application. 
MOE objections to any aspect of the application are transmitted to Ml'JR. 
Each agency applies the regulations it has developed to meet its statu- 
tory obligations, approves applications that conform to the regulations, 
and advises applicants of the conditions and obligations that accompany 
the permit. Both agencies make available to applicants public data on 
oil, gas, and water wells to assist them in preparing applications. 

In general, pressure limits are not specified in the regulations 
(0. Reg. 752 (MNR) or 0. Reg. 152 {MOE}) which instead adopt the more 
flexible approach of investing in the Ministers the authority to set 
pressure limits as necessary. At present, wells that dispose of fluids 
to the Detroit River Group are required by the MOE to maintain a zero 
gauge flowing pressure (atmospheric pressure) at the wellhead {gravity 
drive only). The operators of these wells are required by MOE to record 
each month a 24-hour static water level at least 10 feet (3 m) below the 
base of fresh water. The MNR has now adopted the gravity-drive only 
rule for new oilfield brine disposal wells. The MNR does not ordinarily 
require the monthly shut-in test, but occasionally requests that this 
test be performed. The fluid-level standards of MOE and MNR do not 
consider the density of the fluid in the well. As noted elsewhere in 
this report, the allowable maximum flowing wellhead pressure may be 
slightly too high to provide a high degree of safety in high-risk areas. 
The risks have been described in the previous chapter and are reviewed 
bel ow. 
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6.4 Present Rules 

The present concept of permit applications places the responsibil- 
ity to demonstrate the safety of a project on the applicant. The appli- 
cant must supply a broad range of information to MOE including data on 
the operating plan, site geology and ground-water hydrology, locations 
and plugging or completion reports of neighboring oil and gas wells 
within a l-L/2 mile (2.4 km) radius that penetrate the disposal horizon, 
chemical analyses of the native formation water and the wastewater, 
names of adjacent mineral owners, a reservoir engineering report, a 
description of the proposed monitoring program, an outline of the 
testing and logging programs, and engineer's descriptions of the hole, 
the well, and surface facilities. 

After review, the MOE may stipulate the following: 

1. Maximum injection pressure or fluid level, 

2. Maximum volumes or flow rates to be injected, 

3. Monitoring requirements and report interval, 

4. Installation of observation wen(s) into the fresh- water 
zone or the injection zone. 

5. Certain tests to be run on the well from time to time to 
demonstrate well integrity. 

6. A condition that the operation of any disposal well may be 
limited or terminated and the well plugged if this action is 
found to be in the public interest. 

We propose that MOE consider adoption of modified procedures in 
reviewing the data that pertain to several of the above classes of rule- 
making. In order to accomplish the statutory objectives of conservation 
and at the same time avoid unnecessary restraint of enterprise, it would 
be desirable to establish such rules after due consideration of the geo- 
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grapnical ana Hydraulic character of each unique project. Adoption of 
standardized rules in some of the aDove areas appears to result in 
inadequate protection in sone cases and may cause undue restraint in 
others. we recommend that MOE consider makiny chanyes in tne review 
process of items (1), (3), and (4) atjove. These changes are described 
below. 

b^.b Proposed Modifications to Present Rules and Procedures 

b.a.l Operating Fluid Levels : It is proposed that flUE consider 
some modification of the metnods it uses to determine the operatiny 
pressures for individual injection wells. The maximum allowaole operat- 
iny fluid level is presently set at the elevation of the land surface at 
the wellhead in the case of the two wells presently operatiny. As 
described in Chapter b, allowiny this operatiny level may, in some 
cases, involve some risk that injected or native brines could move 
upward in conduits throuyh the confininy beds and into underground 
sources of drinkiny water. (Insufficient data are available to deter- 
mine if this is true at presently operatiny wells.) This rule does not 
consider the density of the fluid in the wellbore, with the result that 
the maximum allowaoie bottom-hole pressure corresponds to the pressure 
that could be generated by a column of salt-saturated brine with a 
specific gravity of approximately 1.;^, or up to 2U% more pressure than 
would exist at tne oase of a column of fresh to brackish water. 

Since, in a worst-case situation, this operatiny level could gener- 
ate fluid levels in the disposal zone 50 to 100 feet (15 to 30 m) above 
land surface, it is important to perform a more detailed analysis of 
local conditions to determine the likelihood that this could occur, and 
in what size area, in order to yauye the possible effects on local 
ground-water resources. We propose that the object of such an analysis 
be the determination of the size of the "critical area" where water 
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levels in piezometers or conduits would be above static water levels in 
the overlying ground-water aquifer. Operating pressures can then be 
stipulated which would limit this area to a size that presents accept- 
ably small risks or is monitorable. 

The size of the critical area should be determined by the methods 
outlined in Chapter 5. An important requirement is the quantification 
of the hydraulic properties of the disposal zone. The applicant would 
be responsible for conducting tests to determine these properties. This 
need not be done if the applicant is willing to accept a low operating 
fluid level, such as the base of fresh water or lower, that could be 
stipulated based on expectation of worst-case conditions. If the appli- 
cant desires the maximum prudent operating fluid level or pressure, he 
would accept the responsibility for gathering the data necessary for 
determination of that limit in a technically sound manner. 

Well tests would have to be carefully conducted in order to define 
the response of the disposal zone to injection. The parameters to be 
determined include the storativity and flow capacity of the disposal 
zone. Determination of the storativity will require use of one or more 
observation wells during the test. The validity of measurements taken 
in such a well should be confirmed by assuring that the response of the 
observation well is representative of the reservoir using methods 
described in Chapter 5. 

If the hydraulic parameters of the disposal reservoir are known, an 
initial set of curves of pressure versus distance from the injection 
well can be constructed for various flow rates by assuming the aquifer 
is of infinite areal extent. Next, curves can be constructed to depict 
equivalent water levels for different fluid densities likely to occur in 
possible conduits through the confining beds. Additional sets of curves 
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can be constructed for different durations of injection, as required. 
By comparing such curves with profiles of reported freshwater heads, the 
size of the "critical area" can be determined for all the different con- 
ditions of flow rate, time, and density that may occur during the 
"infinite-acting" period, before the effects of flow boundaries appear. 

The next step would be a review of other data on ground-water 
resources within some appropriate distance of the injection well. This 
distance can be derived from the water level vs. distance curves for the 
injection zone. Among the characteristics of water usage relevent to 
this problem are the head of fresh water, the locations, number, flow 
rates, and usage cycles of water wells, and the radius of influence of 
water wells as calculated from aquifer parameters that were measured or 
were estimated from specific capacity data or other information. This 
information can be used to determine the extent of the area around a 
pumping water well where the pumping level in the aquifer could be below 
the estimated levels of fluids in possible conduits while the injection 
well is in operation. The risk that a conduit may exist within this 
area is proportional to the size of the area. 

As the flow rate of an injection well is increased, the size of the 
critical area around the well would increase. The risk that a conduit 
exists in this area increases as the size of the area increases. In the 
example that was presented in Figure 17, the size of the critical area 
is very small. If the static water level in the freshwater aquifer were 
40 ft. (12 m) above the base of the aquifer, then the cricital radius 
would be only 20 feet (6 m). Such a small critical area would not, in 
our opinion, constitute a significant endangerment of water resources. 

If the injected fluid has a higher density than the native brine. 
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the water levels that could occur in conduits in the area where the 
heavy fluid exists near the well would be reduced. This calculation 
could be made periodically during the life of the project, at which time 
the allowable pressure or fluid level could be reviewed by MOE. 

If the critical area around the injection well is large enough to 
cause concern, the area may still be "managed" if it is small enough to 
feasibly monitor water quality with observation wells completed in the 
freshwater aquifer. The operator of the disposal well could design the 
plan of an array of monitor wells based on aquifer properties that were 
obtained for the calculation of the area of influence around local water 
wells. If the water supplies were judged too vital to allow temporary 
or permanent replacement from another source, then allowing a "managed" 
critical area could be ruled out. If a managed area is allowed, the 
observation wells would be sampled periodically to detect changes in 
water quality within the critical area. The amount of change of 
dissolved solids in the samples which would signal cause for alarm 
should be established at the start of the project by compiling data on 
natural waters in the region surrounding the injection well. This data 
should give an indication of the maximum salinity of naturally-occurring 
waters in the aquifer. Increases in total dissolved solids content 
(TDS) of water samples from the monitor wells should be viewed with 
alarm if TDS increases from an initial "normal" baseline level to a 
level that exceeds the established local maximum by a factor of 2 or 3. 
If no satisfactory explanation for the increase can be proposed, the 
rules governing the injection operation could be modified, or the opera- 
tion could be terminated, and normal MOE policy with regard to remedial 
action would apply. 

The area beyond the critical area around the disposal well would 
not be subject to high risk of contamination. Contamination can occur 
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only wnile a water well is pumping. A conduit must exist very close "o 
a water well in order to be within the area where the cone of depression 
is deep, if the source of upward migrating saline water were very close 
to a water well, conditions will be favorable for early detection so 
that remedial action may be taken. In addition to a course of action to 
reduce the allowable operating level in the injection well, anotner 
option would be to have the operator replace the water supply, perhaps 
with a new well in a different location, since discontinuing use of tne 
well should eliminate the intermittent head differential caused by pump- 
ing the well, which should stop the entry of saline water into the aqui- 
fer. The probability of the existence of faulting and fractures in the 
critical area should be evaluated. Structure maps of the disposal zone 
or of a shallower horizon should be constructed. 

In the above discussion, it has been assumed that the pressure vs. 
distance pattern in the disposal reservoir could be predicted with some 
confidence from the hydraulic parameters of the reservoir. This should 
be true during the "infinite-acting" period before the effects of flow 
boundaries appear. After this occurs, the shape of the pressure profile 
will become more difficult to predict by mathematical means. It would 
be desirable to actually measure the changes in reservoir pressure that 
are occurring through time so that the operator can demonstrate that the 
disposal project continues to meet the performance standards set by MOE. 
The observation wells that were installed to conduct initial well tests 
to define the reservoir characteristics can serve this purpose as well. 
Fluid levels in observation wells completed in the disposal reservoir 
should be measured continuously, and the full record should be submitted 
periodically to MOE. The observation wells will also enable adequate 
monitoring of the effects of multiple wells completed in the same dis- 
posal reservoir. 
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It is apparent from the preceding discussion that it will be 
necessary to decide on the level of risk which cannot be tolerated. 
These questions include (1) what is the allowable size of a critical 
area? (2) Should a "managed" area be allowed? (3) What size of radius of 
influence of water wells constitutes an unacceptable risk that a conduit 
could be present ^ery close to the well? The answers to these questions 
should be formulated after consideration of all oossible information on 
the disposal reservoir and freshwater resources in the vicinity of each 
disposal project. The Ministry has, by statute, wide latitude to decide 
on appropriate operating levels. This flexibility is similar to that 
given other regulatory agencies in other regions. 

As an example of a low-risk situation, the disposal reservoir may 
be shown to offer a substantial resistance to flow such that the "cone 
of impression" caused by injection is small and \/ery steep near the dis- 
posal well. If this can be verified with some confidence by tests 
employing observation wells, an operating level could even be allowed 
above the land surface if, for example, the critical area extended only 
a short distance from the injection well, and monitor wells were 
installed in the freshwater aquifer. In our opinion, there is no need 
to bar the use of injection pumps if the hydraulics of injection are 
well known, and the risks are very low due to rapid attenuation of 
Injection pressures. On the other hand, the disposal zone may be so 
nonhomogeneous that communication cannot be established between the 
disposal well and observation wells. It is possible that ■•/ery high 
rates of injection can be accomplished with only moderate pressure 
increase in the disposal well. If this pressure increase does not 
register at the observation wells, then the size and shape of the 
critical area would be unknown. Such a situation would probably call 
for either the establishment of a low allowable operating level or 
pressure, or the drilling of additional observation wells until the 
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reservoir can be adequately defined. The applicant could decide whether 
it is worth an additional investment in observation wells in order to 
determine whether a higher allowable operating flow rate could be 
obtained. 

It is more important to specify an allowable operating bottom-hole 
pressure than to specify an allowable operating fluid level. The 
process of review and rulemaking involves calculations based on pressure 
versus distance from the injection well, since these may be made without 
regard for the density of the injected fluid. Density becomes important 
when possible fluid levels in conduits are considered. We recommend 
that MOE consider specifying only maximum bottom-hole pressure in the 
injection well. The applicant could then be given the choice of measur- 
ing and reporting this pressure, or converting this pressure limit to a 
fluid level, using the density of salt-saturated brine (specific gravity 
approximately 1.2), and measuring and reporting fluid levels. It would 
be to the operator's advantage to monitor bottom-hole pressures to avoid 
sacrificing some of the allowable driving force when low-density fluids 
are being injected. Since measurement of bottom-hole pressure would 
involve placement of a measurement instrument in the bottom of the well, 
a continuous record of injection pressures could be produced. Monthly 
fluid-level measurements should still be made to check the calibration 
of the measurement system. 

Measurements of shut-in pressure should continue to be made in 
order to follow the progress of reservoir fillup, so that the conditions 
under which the reservoir are abandoned will not threaten freshwater 
resources. The stipulation of an "abandonment pressure" should be based 
on the same principles as those employed to determine safe operating 
pressures. We recommend that the reservoir pressure on abandonment be 
set low enough so that fluid levels in conduits would not be above tne 
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static heads in the freshwater aquifer. 

6.5.2 Monitoring : In order to follow the changes in pressure 
versus distance from the disposal wells that will occur during injection 
into complex, bounded reservoirs, pressures should be measured in one or 
more observation wells installed near the disposal well. The well 
should not be located far outside the critical area, or the true size of 
the critical area will not be known with certainty. 

Water levels or pressures would have to be continuously monitored 
in observation wells in order to detect occurrences of maximum levels. 
If water levels are measured, a sample of water should be periodically 
taken from these wells in order to determine its density so water levels 
can be converted to bottom-hole pressures. Probing the fluid column 
periodically with a conductivity instrument would ensure that the fluid 
sample was representative of fluid at all levels in the well. 

Initially, area water wells should be sampled in order to establish 
baseline water-quality conditions in the aquifer throughout a wide area 
selected by consulting the pressure vs. distance diagrams. The mile and 
one-half radius currently employed should be adequate for this. If it 
is decided to permit a "managed" critical area, then the monitor wells 
within this area should be sampled initially to define baseline condi- 
tions also. In the case of a very small critical area, a single well 
completed in the freshwater aquifer could be installed near the disposal 
well. After operations begin, the monitor wells in the critical area 
should be sampled on a regular basis. In general, the sampling interval 
should be more frequent for wells nearest the disposal well. Sampling 
intervals could also be based on calculated rates of flow in the fresh- 
water zone. Aquifers with low permeability and low flow rates would not 
require sampling as often as aquifers where flow rates are higher. 
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wells tnat make lar^e witndrawals from tne aquifer snould receive 
special attention since they sample a relatively larger part of the 
aquifer. 

6.6 Existiny Injection Wells 

A nuinDer of active and Inactive waste disposal wells currently 
exist in southwestern Ontario. It is proposed that MOE consider re- 
viewiny tne status of these wells in order to ensure that they present 
no hazard to fresh-water resources. 

6.6.1 Abandoned Wells : The abandoned injection wells in soutn- 
western Ontario include wells tnat were used to dispose of industrial 
wastes and those that were used to dispose of brines from caverns or oil 
fields. Some of the wells that were used to dispose of industrial 
wastes in and near Sarnia, Ontario, apparently have pressures at tne 
land surface that are greater than atmospheric. The mechanical inte- 
grity of most of these wells has probably not been determined in over 
ten years. ADandoned wells represent potential pathways for brines or 
wastes to move from the disposal zone into sources of usable ground 
water. These wells should be pluyyed. 

6.6.^:. Active Wells : There is little data available on the 
properties of tne injection zones into which presently operatiny 
disposal wells inject cavern-washing brine. Without such data, tne 
risks associated with operation of these wells under present rules 
cannot be evaluated. The present shut-in water levels in the disposal 
wells are now near the base of fresn water, however, they apparently 
decline with time, indicating that if the reservoirs are bounded, they 
may have somewnat permeable boundaries. 

MOE has installed a water level recorder in the "Prefontaine" well 
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located approximately one mile (1,509 n) from active well I.O. No. 13. 
The Prefontaine well is completed in the Detroit River Group. Tne 
fluctuations of the recorded water levels in this well suggest that tne 
water levels are strongly influenced by injection in wells No. 13 or 15. 
Unfortunately, the current reservoir pressure at the Prefontaine well 
cannot be determined because the density of the fluid in the well is 
unknown. The fluid level in April, 1982 was approximately 105 feet 
(32m) below the land surface. Static water levels in fresh water in the 
vicinity of Well I.D. No. 13 are at a depth of approximately 30 feet 
(9.1m). If the fluid in the Prefontaine well is fresh water or low- 
density saline water, then the head in the disposal reservoir is 
substantially below the head of fresh water. If the fluid in the 
Prefontaine well is saturated brine, and the primary transmissive zone 
is at the top of the Detroit River group at a depth of 538 feet (163m) 
then the bottom-hole pressure would be (538-110) (.433) (1.2) = 222 psi 
(1,530 KPa). In terms of fresh water, this corresponds to a fluid level 
24 feet (7.4m) below land surface, or approximately at the level of head 
of fresh water. 

The Prefontaine well and the array of wells operated by the 
disposal company appear to represent a favorable situation for conduct- 
ing multiwell tests of the Detroit River Group in an area where lost- 
circulation zones exist. 




SUMMARY 

As a result of our examination of published literature, public 
records, consultant's reports, and interviews with consultants and well 
operators, we have made the followiny conclusions about the environ- 
mental implications of injection of brine into the Detroit River Group 
in southwestern Ontario. 

1. The study area lies on a flexure between two mature, com- 
pacted continental basins of Paleozoic Aye, the Hichigan Basin 
and the Appalachian Basin. 

2. The Detroit River Group in southwestern Ontario is composed 
of finely crystalline to microcrystal 1 ine dolomite with thin 
beds of anhydrite. The Group is approximately 450 ft. (137.2m) 
thick in Lambton County. In some areas, the anhydrite has been 
dissolved, resultiny in intervals of high porosity and permea- 
bility ("lost circulation zones"). The formation is overlain 
by Shales and fine-yralned limestones. The bedrock is overlain 
by clayey ylacial till that contains erratically productive 
fresh-water beariny sand layers. The till is lUU to 150 ft. 
(3U.5 to 4b. 7m) thick in the Sarnia area, 

3. In the area between the structural basins, the formations 
have yentle dips in the direction of the basin centers, najor 
faults are not numerous, but a wide area has been affected by 
dissolution of Silurian salt beds, causing younger rocks to 
have anomalous areas of thickeniny, thinning, and irregular 
stratiyraphic contact surfaces. The disturbances are visible 
on structural maps of the top of the bedrock, so the entire 
Uevonian section has been affected. Dissolution was 
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contemporaneous with deposition. The effects of collapse and 
localized faulting on the permeability of the Detroit River 
Group or the overlying confining beds are not well documented. 

4» There is a low level of seismic activity in southwestern 
Ontario. Microtremors have occurred in the vicinity of the 
Gobies oil field near Woodstock, Ontario. In this field, 
fluids are injected under moderate pressures for the purpose of 
secondary recovery of petroleum from a Cambrian-age reservoir. 
No seismic activity has been linked with injection into 
Devonian-age strata, however, 

!♦ An Interval near the top of the Lucas Formation of the 
Detroit River Group has been utilized for disposal of indus- 
trial waste, oil-field brine, and brine from creation of cav- 
erns in salt. The interval occurs at a depth of 500 to 800 ft. 
(154.4 to 243.8 m) in the industrialized area of Lambton County 
near Sarnia. 

6. Results of seven injection tests and drill -stem tests of 
injection wells yield values of formation flow capacity ranging 
from 2,360 md-ft(0.53 m2/day) to 117,000 md-ft{26.5 m2/ 
day). One value was too high to accurately calculate with data 
from the equipment employed. Late-time trends of pressure vs. 
time, recorded in the tests of some of the reservoirs, are 
similar to those ordinarily obtained in tests of homogeneous 
granular porous media. Several of the reservoirs tested were 
described by applicants as "lost-circulation zones". 

7, The area! extent of individual "lost-circulation zones" or 
regions with other types of porosity is reportedly limited. 
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Some operations have experienced reservoir "fillup", a behavior 
that probably indicates that fluids have been injected into a 
bounded reservoir. 

8. In the late 1950's, the 1960's, and the early 1970's, dis- 
posal wells, located primarily in the Sarnia area, utilized 
wellhead pressures up to 450 psi ( 3,100 kPa) to achieve injec- 
tion rates of 50 to 100 gal/min(273 to 545 m3/day). 

9. Several incidents occurred where industrial wastes appeared 
at the land surface within several hundred feet of injection 
wells, and brines apparently emerged at greater distances. 
Flows occurred in the U.S. city of Port Huron, located across 
the St. Clair River from Sarnia. Most of the reported inci- 
dents occurred in the vicinity of Sarnia and near Courtright, 

10. The wastes and brines apparently flowed to the surface 
through abandoned, improperly plugged boreholes that were 
drilled up to 90 years ago in search of gas in the Dundee For- 
mation, which overlies the Detroit River Group. Many of these 
wells penetrated to the porous horizons in the Detroit River 
Group. 

11. As a result of the breakout of brine and waste liquids, the 
government enacted legislation to phase out injection of indus- 
trial waste into the Detroit River Group in areas located with- 
in five miles (8 km) of the St, Clair River. Further injection 
of industrial wastes other than brines into this formation was 
prohibited, and wells governed by MOE were limited to injection 
at atmospheric pressure only (gravity flow). 
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it. Government concern over the desirability of contined use of 
the Detroit River Group as a disposal zone resulted in this 
review of the problem and of potential environmental conse- 
quences of continued use of the formation for the disposal of 
mineral brine. 

13;. Disposal wells are required to have the long casings cemented 
from the disposal zone to ground surface. Liquids are injec- 
ted through tubing set on a packer. The annular space between 
tubing and casing is filled with pressurized, noncorrosive 
fluid, and the annulus pressure is continuously monitored to 
ensure that no leaks develop in the tubing or the casing. 

14. Applications for disposal wells are required to contain the 
plugging or completion records of all exploratory borings or 
Gil and gas wells within a 1-1/2 mile (2.4 km) radius of the 
well site, to ensure that there are no artifically created 
passages through the confining beds. Many oil well casings are 
cemented only through the producing interval and the annular 
space is open opposite the Detroit River Group. These wells 
are plugged by "squeezing" cement through perforations in the 
casing. 

15. Disposal wells completed in the Detroit River Group presently 
are not allowed to utilize wellhead pressures greater than 
atmospheric pressure. Pumping of waste is not permitted, 
therefore injection is by "gravity drive". Once a month, a 
24-hour static water level is measured in wells regulated by 
MOE , This level is required to be 10 ft. (3 m) below the base 
of fresh water. 






16. The adequacy of tne operating rules that nave been adopted 
for injection wells completed in the Detroit River Group was 
examined oy reviewinq failure modes in the context of tne 
regional hydrogeological environment, the history of oil 
exploration, well construction techniques, the location and 
abundance of resources, and the hydraulics of radial flow in 
porous media. The primary concern of this part of the evalua- 
tion was prevention of local, early escape of poor-quality 
water from the injection zone which could endanger underground 
sources of drinking water. 

17. The presence of undetectable artificial openings in the 
confining beds in some parts of southwestern Ontario presents a 
hazard that requires restrictions on the operating pressures of 
injection wel Is. 

18. To achieve relatively safe emplacement of wastes, fluid 
levels in possible openings in the confining beds during opera- 
tion should be limited to a level lower than the static water 
levels in the fresh-water aquifer. The comparative risks of 
different operating levels can be estimated by determinina the 
critical area within which levels will be above static fresh- 
water heads. 

19. The radius of influence of the injection operation should De 
calculated using reservoir properties determined from multi- 
well tests. The pressure profiles can be converted to water 
levels based on the density of native formation brine. These 
water levels can be used to determine the sizes of "critical 
areas" where the levels would exceed fresh-water heads at 
different injection rates. Selection of an operating level 
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should be based on this information. 

20. If a "critical area" is allowed, its size could be continu- 
ously confirmed by monitoring of observation wells completed in 
the Detroit River Group, in order to detect changes in pressure 
trends which can be caused by long-term injection into bounded 
reservoirs, or interference between multiple injection wells. 
Monitoring of the quality of fresh water within this area could 
be required. Monitor wells that penetrate the Detroit River 
group must be carefully constructed to ensure that a potential 
for upward leakage at such wells will not be created. 

21. Good operating practice requires that pressures within a 
"critical area" in the disposal reservoir return to a safe 
level after injection has ceased. This level should be low 
enough to insure that no upward-directed head gradient could 
exist for an unpredictable amount of time after shut down. 
Monthly checks of shut-in pressure or fluid levels should serve 
to confirm the absence of critical pressure increases. 

22. It is recommended that only those areas where the Detroit 
River Group contains water with more than 3,000 mg/L TOS and 
is overlain by more than 300 feet (91 m) of bedrock confining 
beds be considered for disposal of brine. 

23. The long-range goal of safe subsurface disposal is to effec- 
tively confine the brine to the disposal zone for a very long 
period of time in order to assure maximum opportunity for dilu- 
tion, alteration, and slow ultimate discharge. The regional 
flow system should ideally have a Mery low flow rate. 
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24. Potent iometr ic and chemical data are probably insufficient to 
make an exhaustive study of the reqional hydrodynamics of the 
Detroit River Group, but the principles of qravi ty-dr i ven flow 
suggest that the nearest likely discharge areas are topo- 
grapnically low areas occupied by Lakes Huron and trie and the 
connecting waterways. 

25. Water of good quality occurs in the subcrop zones of the 
Detroit River Group and may be present some distance downdip of 
the point where the waters become confined by the overlying 
Dundee Formation, but sufficient data have not oeen compiled 
with which to delineate this limit. Waters fresher than sea 
water (<35,000 mq/1 TDS) occur in a wide region in downdip 
areas, and are found in much of eastern Lambton County. Brines 
occur in northwestern Lambton County. 

26. Inferred head data suggest that there is a potential for 
regional flow from the most elevated subcrop near Stratford 
toward possible discharge areas occupied by Lakes Huron and 
Erie and the connecting waterways. 

27. Head levels in the Detroit River Grouo in Lambton County do 
not appear to be high enough to cause discharge in this area. 
The rate of regional flow in the Detroit River Group in Lambton 
County appears to be very low. Injection of fluids under 
present and proposed conditions will have a negligible effect 
on regional discharge. 

28. Isolated occurrences of anomalously saline water in the gla- 
cial aquifers in Lambton County may represent areas where 
molecular diffusion is effective in transport of solutes upward 
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through the bedrock. Scattered occurrences of present or 
former natural openings in the confining beds are also 
suggested by the presence of oil in the glacial deposits at 
sites that are located directly above reservoirs in Devonian- 
age strata. Neither phenomenon requires an explanation based 
on advection by upward-moving water. Occurrence of aonormally 
saline ground water near an injection well should be monitored 
carefully, however. 

Ministry regulations have been developed to accomplish the 
protective goals established by government statute. The rules 
have evolved in response to the increase in the general know- 
ledge of the hydrogeology of the Detroit River Group. The Min- 
istry may want to consider modifying present evaluation methods 
to allow consideration of reservoir hydraulics and aquifer 
usage near each individual project. Criteria have been out- 
lined by which sites of high or low risk may be identified. 
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CONCLUSIONS 

The available data suggest that continued injection of brines into 
the Detroit River Group can be accomplished relatively safely under 
extraordinary operating rules. The vast majority of ordinary disposal 
wells in North America operate under different principles. In most 
wells, shallow fresh-water resources are protected from the elevated 
fluid pressures in the reservoir near the well by intervening low- 
permeability confining beds. This technique cannot be relied upon in 
Southwestern Ontario due to the large number of undocumented abandoned 
boreholes. 

Present operating rules specify a maximum operating fluid level at 
the land surface. It is proposed in this report that the review process 
employed by the Ministry of the Environment be modified in order to 
consider the differences in hydraulic character of the Detroit River 
Group in different areas. Also, the character and usage of fresh-water 
resources in the vicinity of the disposal well will affect the level of 
risk associated with the project. Individual consideration of each 
unique disposal project will avoid setting operating levels too high in 
areas of extremely unfavorable conditions, and conversely, setting 
levels too low in areas where conditions are favorable. 

The proposed methodology would require more detailed information to 
be gathered by the applicant than was previously necessary. This would 
be unnecessary if the applicant agrees to operate at a very low pressure 
or fluid level that was based on expectation of worst-case conditions. 
If the applicant desires to operate at the maximum prudent level, he 
would accept the responsibility for determination of the properties of 
the disposal zone necessary to properly evaluate the area of endangering 
influence of his well. An analyst would calculate the radial decline of 
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several assumed bottom-hole injection pressures and then convert these 
pressures to fluid levels using the density of the native formation 
brines, which would be the fluids most likely to reside in or invade 
undocumented boreholes. The profiles of fluid levels would be compared 
to profiles of fresh-water heads to determine the size of the "critical 
area" or "area of endangering influence" that would occur at different 
operating bottom-hole pressures at different times, initially assuming a 
reservoir of infinite size. The Ministry could then choose a maximum 
operating bottom-hole pressure based on the area of endangering 
influence that appeared to present an acceptable level of risk. It is 
expected that due to the presence of undocumented boreholes in unknown 
locations, the area chosen should probably be restricted to a size which 
could be effectively monitored using wells installed in the fresh-water 
aquifer. 

In this report, the "critical area" is based on the head of fresh 
water rather than the base of fresh water. Most of the wells in rural 
southwestern Ontario are employed only intermittently to produce water 
for domestic and stock usage. When the wells operate, the cone of 
depression of heads is relatively steep and narrow, with the result that 
the area in which drawdowns are deep is relatively small. The chance 
that an undocumented borehole occurs very close to a water well is 
small, and the required proximity for contamination would tend to pro- 
mote rapid detection of the contamination. 

Since the radius of influence of the injection well will grow 
unexpectedly if boundary effects begin or if multiple injection wells 
interfere with each other, any observation wells completed in the 
disposal reservoir could be continuously monitored so that the applicant 
can demonstrate at any time that his disposal project meets the perform- 
ance standards set by MOE. 
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operators of disposal wells could monitor either operating fluid 
levels or operating bottom-hole oressure, but it would oe to their 
advantage to monitor the latter. Since the hydraulic analysis would oe 
based on bottom-hole pressures, the pressure stipulated by MOE would 
have to be converted to a water level using worst-case fluid density 
(salt-saturated brine, specific gravity = 1.2) in order to prevent 
exceeding the allowable pressure when using water-level criteria when 
this type of brine was injected. The operator would not be able to 
inject at the maximum allowable bottom-hole pressure if low density 
fluid were injected at an operating level based on saturated brine. 

In summary, it should be the responsibility of the applicant to 
demonstrate the safety of a disposal well. The applicant should make 
the decision whether the expenditures for monitoring facilities justify 
the potential returns from utilizing possible increased flow rates. The 
Ministry of the Environment should objectively base operating rules on 
technical principles applied to site-specific data. The resulting rules 
would ideally be neither unduly restrictive nor uncautiously liberal. 
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TABLE 1. Industrial Waste Injection Wells, Lamblon County, Ontario. 
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TABLE 2. Cavern Washing Brine Injection Wells, Ontario. 
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TABLE 3. Oilfield Brine Injection Wells, Detroit River Group. 
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TABLE 5. Stratigraphic Succession in Southwestern Ontario 
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TABLE 7. Annual Volumes of Cavern-Washing Brine Injecled into the Subsurface 1971-1982. 
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